The effect of potassium ion (K') depletion on postmyocardial infarction ventricular arrhythmias was investigated in 32 dogs: 12 control animals, 10 animals that ate a diet extremely low in K' for 15 days, and 10 others that, in addition to dietary K' deprivation, received 50 mg of hydrochlorothiazide four times. The experimental myocardial infarction was created by proximal left anterior descending coronary artery ligation. In a subgroup of 24 animals selected for relatively uniform size of myocardial infarction (14% to 22% of left ventricular mass), eight animals with mean cumulative K' balance of -4.01 + 2.19 meq/kg developed spontaneous ventricular fibrillation within 4 to 17 min of coronary ligation, whereas 16 animals with a mean cumulative K' balance of -0.11 + 1.82 meq/kg didn't. By univariate analysis cumulative K' deficit (p = .001) and plasma K' concentration (p = .039) correlated significantly with spontaneous ventricular fibrillation. Multivariate analysis of the entire population of 32 animals identified cumulative K' deficit and size of myocardial infarction as the only independent predictors of ventricular fibrillation. Cumulative K' deficit was also an independent predictor of ventricular fibrillation induced by programmed cardiac stimulation in the conscious state 1 day after myocardial infarction.
HYPOKALEMIA has received much attention as a modifiable risk factor that can promote ventricular arrhythmias during acute myocardial infarction. Several reports have shown an association between a low serum potassium ion (K') concentration and an increased incidence of ventricular arrhythmias in acute myocardial infarction. l-4 However, hypokalemia may be only a secondary marker of other possible arrhythmogenic factors such as poor cardiac function requiring diuretic use, or other coexisting electrolyte disturbances, and the widely held view that hypokalemia is, independent of other factors, arrhythmogenic in the' presence of acute myocardial infarction requires further confirmation. To investigate this problem further, graded degrees of K' depletion were created in a canine preparation with dietary K' deprivation alone or with the additional use of a diuretic drug while monitoring daily K' balance and plasma electrolytes.
The specific aim of this study was to prospectively and rigorously test the hypothesis that prior K + depletion, independent of other factors, enhances ventricular arrhythmogenesis during myocardial infarction, as detected by the increased incidence of spontaneous and electrically induced ventricular arrhythmias.
Methods
Studies were carried out in 32 female mongrel dogs ranging in weight from 8.6 to 13.6 kg. All animals were fed 30 g/kg/day of a synthetic diet for 4 days before the control period and throughout the period of study (Figure 1 ). The intrinsic electrolyte content of the diet was less than 1.0 meq sodium/100 g, less than 0.1 meq potassium/100 g, and less than 0.5 meq chloride/100 g.5 Throughout the study, the diet was supplemented with sodium, 3 meq/kg body weight, as the chloride salt. The potassium content of the diet was determined by the requirements of the individual period of study, as noted below. Supplemental electrolytes were added to the homogenized diet from stock solutions, the compositions of which were verified by direct analysis. Each animal received a daily supplement of iron (0.3 ml of Ferosol Elixir, Menley and James Laboratories, Philadelphia) and multivitamins (0.3 ml of Poly Vi-Sol, Mead Johnson and Co., Evansville, IN) . The daily diet was homogenized with twice its weight of distilled water and fed in two portions. Animals who vomited at any time were excluded from the study. Blood l l l l l l l l l l l l l l l l 5 10 15 FIGURE 1. The metabolic protocol. A description of the dietary electrolyte content during the prefeeding, the control, and the K' deprivation periods for group I (n = 12), group II (n = 10), and group III (n = 10) animals. The line at the bottom of the diagram indicates the days of the protocol. The solid arrows pointing up identify the days on which plasma electrolyte concentrations and arterial blood gases were determined, and the closed circles indicate the days when the group III animals received 50 mg oral hydrochlorothiazide. EPS = electrophysiologic study. stainless steel surfaces into glass bottles containing mineral oil and thymol-chloroform preservative. Values for daily K' intake and daily K' urinary excretion were calculated and balance data were reported per 1 kg body weight. Metabolic protocol. After 4 days of prefeeding, the animals were entered into the study outlined in figure 1, comprising three groups of dogs undergoing either a control period (group I) or, in addition, a variable degree of K' deprivation (groups II and III).
Control period (days 1 to 5). The protocol allowed for a control period of 5 days duration to establish a baseline for all 32 animals. For the prefeeding and throughout the control period, the diet was supplemented with K', 3 meq/kg body weight, as the neutral phosphate salt (figure 1). At the beginning and on days 3, 4, and 5 of the control period plasma electrolyte measurements were obtained (figure 1). It has been shown previously that this period, with adequate daily K' repletion, is sufficiently long for K' balance to become established.6 In 12 eukalemic animals with normal total body potassium stores (group 1), the diet was withheld on the morning of metabolic day 6 when electrophysiologic measurements and experimental myocardial infarction were performed (figure 1).
Potassium depletion period (days 6 to 20 1 ). The experimental myocardial infarction and the electrophysiologic studies were performed in group II and group III animals on the morning of metabolic day 21.
Daily potassium balance observations were obtained in all 32 animals throughout the periods of the study. Plasma electrolyte observations were made on 9 days throughout the protocol (figure 1), including the last 3 days of the control and K' depletion periods.
Analytic methods. Methods used for determining sodium, potassium, chloride, and phosphorus concentrations have been reported previously.7 The balance techniques used in this study have also been described earlier.5 Total CO2 was measured by an Autoanalyzer (Technicon Instruments Corporation, Tarrytown, NY) and the results were confirmed daily by the manometric technique of Peters and Van Slyke according to a protocol previously published.8 Arterial pH was measured anaerobically at 390 C by glass electrode (Radiometer Co., Copenhagen). pH and the solubility coefficient of CO2 were corrected for temperature.9 Total calcium and magnesium concentrations were determined by atomic absorption spectrophotom-697 -4 20 21 444 0 etry (Perkin-Elmer 5000, Perkin-Elmer Co, Ridgefield, CT). Experimental preparation. On the day of surgery arterial blood samples were obtained percutaneously in conscious animals for measurement of arterial blood gases and plasma electrolytes before induction of general anesthesia. Subsequently, under general anesthesia with intravenous pentobarbital (30 mg/kg), the heart was approached via a left lateral thoracotomy by a sterile surgical technique. No. 7F catheters were placed in the left atrial appendage and the right femoral artery to monitor the left atrial and systemic arterial pressure and to collect specimens serially for measurements of arterial blood gases and plasma electrolytes. Pressures were monitored with the use of Statham P23Db transducers (Statham Instruments, Inc., Oxnard, CA) and a Sanborn Model 350 recorder (Hewlett-Packard Co., Inc., Palo Alto, CA). Pairs of bipolar electrodes (gassterilized, Teflon-coated, 0.005 inch-diameter, stainless steel plunge electrodes with 1 mm exposed tips and 5 mm interpolar distance) were positioned at the right ventricular free wall, and at the lateral wall of the left ventricle, with the location of both sites standardized at 5 cm from the left ventricular apex, for recording and ventricular stimulation. Apart from these highly flexible plunge electrodes, the right and left ventricles were not subjected to any instrumentation to minimize spurious ventricular ectopic activity.
Electrophysiologic protocol and experimental myocardial infarction. After electrode placement, a period of 30 min was allowed for hemodynamic stabilization before preinfarction baseline electrophysiologic measurements were made. Electrocardiographic leads I, II, and III and the local right and left ventricular electrograms were continuously monitored on a multichannel recorder and oscilloscope (VR-16, Electronics for Medicine, Pleasantville, NY). Local electrogram signals were amplified with an input impedance of 22 Mfl and filtered with a frequency response range of 0.03 to 2.5 kHz. Electrophysiologic data were stored on FM magnetic tape (A.R. Vetter, Inc., Rebersburg, PA). Programmed cardiac stimulation was performed with a Model 2346 Medtronics stimulator. The effective refractory periods (ERPs) were measured with a 2 msec rectangular pulse (S2) at twice diastolic threshold, after 8 beats of ventricular pacing (SJ) with a drive cycle length of 300 msec.
The longest S,-S2 interval at which S, failed to elicit a ventricular response was defined as the ERP. After the completion of baseline electrophysiologic measurements, the experimental myocardial infarction was created by an irreversible single-step ligation of the left anterior descending coronary artery at a level immediately proximal to the first major diagonal branch and of the left ventricular apical epicardial collateral vessels, mostly the very distal segments of the marginal branches of the left circumflex coronary artery. The surface electrocardiogram, the right ventricular and the left ventricular local electrograms, the systemic arterial blood pressure, and the left atrial pressure were continuously monitored and arterial blood samples were obtained for measurement of plasma electrolytes and arterial blood gases at the time of coronary ligation and also 1 hr later. In case of spontaneous ventricular fibrillation the heart was immediately defibrillated with epicardial direct-current countershock with use of 10 to 15 J.
One hour after coronary ligation, the electrophysiologic measurements were repeated. The animals were observed with continuous surface electrocardiographic monitoring for 3 more hours. During this period the plunge electrodes were removed and Teflon-coated conducting sutures (Flexon-O), to be used later as pacing electrodes during the closed-chest study, were sutured onto the epicardium at the same ventricular sites as the ones used for pacing and ERP measurements. The electrodes were tunneled subcutaneously, exteriorized at the back of the neck, and labeled. During the last consecutive 17 studies a myocardial biopsy sample was obtained from the left atrial appendage. The thoracotomy was then closed after the placement of a chest tube and the animals were allowed to recover with meperidine (4.0 to 6.0 mg/kg) analgesia. The animals did not eat and none of the intravenous solutions administered contained K' until the second electrophysiologic study performed the next day.
The left atrial myocardial biopsy sample was washed, blotted, and weighed. It was hydrolyzed in 5.ON NaOH for 3 hr at 60Q C with periodic agitation. Digested tissue was centrifuged at 2850 g for 20 min. K' concentration of the supernatant was assayed by a flame photometer (Radiometer FLM 3, Copenhagen), and total K+ content per gram of cardiac tissue was calculated from the total K' in the supernatant and the weight of the biopsy sample.
Closed-chest study. One day after the experimental myocardial infarction, 29 surviving animals were brought into the electrophysiology laboratory and sedated with meperidine (3.0 to 4.0 mg/kg). The surface electrocardiogram was monitored for 1 hr. After the monitoring period, femoral arterial blood samples were obtained percutaneously for plasma electrolyte measurements. Programmed cardiac stimulation (PCS) was performed in animals in the conscious state via the indwelling electrodes with use of a ventricular drive cycle length of 275 msec (218 beats/min) uniformly in all animals; this rate was high enough to overdrive spontaneous ventricular tachycardia during PCS in all the animals manifesting this rhythm. PCS was performed from the right ventricular and then from the left ventricular site at twice diastolic threshold. Starting with a single extrastimulus (S2) introduced after 8 ventricular beats (SJ), and advancing to two (S2S3) and then to three (S2S3S4) extrastimuli, coupling intervals were decremented by 10 msec until refractoriness was encountered. The end point for the stimulation protocol was either induction of a sustained ventricular arrhythmia or ventricular refractoriness. When nonsustained ventricular tachycardia was induced, the stimulation protocol was continued regardless of the duration of the tachycardia. Monomorphic sustained ventricular tachycardia was terminated by rapid ventricular pacing and in case ofventricular fibrillation the heart was defibrillated by transthoracic direct-current countershock by use of 100 to 200 J after the animal lost consciousness.
Postmortem studies. The animals were killed with intravenous pentobarbital. The heart was excised and washed with isotonic saline. The atria and the right ventricle were removed, and the left ventricle was sectioned into 0.8 mm thick transverse rings from apex to base. The right ventricular free wall and the left ventricular transverse rings were then processed with trichlorophenyl tetrazolium chloride (TTC).? The gross topography of the myocardial infarction was inspected and the area of the infarcted left ventricular myocardium on both sides of each TTC-stained transverse ring was outlined. By use of the average of the two areas by planimetry, the mass of the infarcted left ventricle in each transverse ring was determined.
Definitions and data analysis. Sustained ventricular tachycardia was defined as a ventricular rhythm that lasted for at least 100 beats and required ventricular pacing for termination. Ventricular tachycardia manifesting discrete depolarization complexes on the surface electrocardiogram without any spontaneous beat-by-beat change in cycle length, surface electrocardiographic morphology, or mean electrocardiographic frontal axis was called monomorphic. Otherwise it was considered to be polymorphic. Ventricular fibrillation was defined as a sustained ventricular rhythm that did not manifest any uniform surface electrocardiographic configuration with clearly identifiable discrete QRS complexes, and that resulted in hemodynamic collapse. The corrected QT interval was determined with Bazett's formula: QT, = T/R-R. Values for sinus cycle LABORATORY INVESTIGATION-MYOCARDIAL ISCHEMIA length, PR interval, QRS duration, and QT interval were calculated as the average of 10 consecutive cardiac cycles.
Standard deviations of the mean values for the continuous variables are expressed when appropriate. Analysis of variance was used for comparisons among the different groups of animals. A homogenous group of 24 dogs with similar infarct sizes was defined by including the animals with infarctions of sizes that were within the range defined by one standard deviation from the mean size for the entire population. This subgroup was analyzed for determinants of spontaneous ventricular fibrillation. To adjust for interrelationships among multiple variables and to minimize the possibility of type I errors associated with multiple hypothesis testing, statistical analysis was also performed on the entire population of 32 animals by use of stepwise logistic regression models generated by the program BMDPLR. 1 This study conformed to the guiding principles of the American Physiological Society regarding experimental animals.
Results
Potassium balance, plasma electrolytes, and acid-base composition. The metabolic protocol resulted in a graded K+ deficit in the animal population under study. Dietary K+ restriction alone resulted in a significant negative cumulative K+ balance and in a significant decrease in mean plasma K+ concentration (table 1) .
Hydrochlorothiazide caused further significant decreases in plasma K+ concentration and in the cumulative K+ deficit (table 1) . Atrial myocardial tissue K+ contents, available only in 17 animals (six in group I, five in group IL, six in group III) were 100.9 ± 8.6, 95.7 + 6.7, and 90.8 ± 6.8 meq/kg in groups I, IL, and III, respectively (p < .05, group I vs group III). Changes in other electrolytes throughout the periods of the study are shown in table 1. Plasma total calcium, TABLE 1 but not magnesium ion concentration, was significantly lower in animals who received hydrochlorothiazide compared with group I and group II animals (table 1). The decreases in plasma bicarbonate concentration and in pH during K' depletion period (table 1) were consistent with mild metabolic acidosis, previously described duringselective K+ deprivation in the dog.6 No significant changes in plasma creatinine concentration or in hematocrit were noted throughout the periods of the study.
There was a decrease in plasma K' concentration after general anesthesia and thoracotomy in all three groups that persisted at least until 1 hr after coronary ligation. The mean decrease in plasma K' concentration was 0.46 + 0.41, 0.30 + 0.28, and 0.32 + 0.38 meq/liter in groups I, II, and III, respectively (p = NS), with return to the levels observed before general anesthesia and surgery during the day after experimental myocardial infarction in 29 surviving dogs. The arterial pH values corresponding to the first set of plasma K' values determined in conscious animals before surgery were 7.38 ± 0.01, 7.35 + 0.02, and 7.37 + 0.02 in groups I, II, and III, respectively (table 1) and those measured 1 hr after myocardial infarction, were 7.39 ± 0.02, 7.36 ± 0.03, and 7.38 + 0.03, confirming that changes in plasma acid-base composition were not the main cause of the decrease in plasma K+ concentration.
Size of myocardial infarction. The size of experimental myocardial infarction ranged from 4.9 to 17.2 g in The effect of K+ deprivation and diuretic treatment on plasma electrolytes and acid-base composition Group absolute mass or from 9% to 31% of left ventricular mass, with a mean of 18 ± 5% of left ventricular mass in 32 animals. The mean size of myocardial infarction did not differ in metabolic groups I, II, and III (9.9 + 3.2, 9.5 ± 3.0, and 10.7 ± 3.4 g, respectively) by analysis of variance. Selection of the animals whose infarct sizes measured within the range defined by 1 SD from the mean size of myocardial infarction (see Methods) resulted in a subgroup of 24 animals with size of infarction varying from 14% to 22% of left ventricular mass. The incidence and the correlates of spontaneous ventricular fibrillation in this subpopulation of relatively uniform size of myocardial infarction are described below.
Spontaneous ventricular fibrillation. Spontaneous ventricular fibrillation occurred in 10 animals (31%) during acute myocardial infarction. Eight of the 10 episodes of ventricular fibrillation took place between 4 and 17 min after coronary ligation in the group of 24 animals with infarctions of similar size, as defined above. Two other animals with myocardial infarctions of 28% and 31% of left ventricular mass developed ventricular fibrillation 37 and 88 min, respectively, after coronary ligation. None of the animals had spontaneous sustained ventricular tachycardia during the 4 hr observation period.
In this group of 24 animals, size of infarction was 16.9 + 2.2% of left ventricular mass in 16 animals without ventricular fibrillation and 18.5 + 2.3% of left TABLE 2 ventricular mass in eight animals with spontaneous ventricular fibrillation (p = NS) (table 2). Cumulative K' balance in the group of eight animals with ventricular fibrillation was -4.01 + 2.19 and -0.11 ± 1.82 meq/kg in the group of 16 animals with no ventricular fibrillation (p = .001) ( figure 2 ). There was also a significant difference between the two groups in plasma K' concentration at the time of coronary ligation and 1 hr after coronary ligation (table 2; figure 2 ). Another metabolic variable showing a trend, by univariate analysis, toward a positive correlation with spontaneous ventricular fibrillation was total calcium (p = .089) (table 2). There were no differences between the two groups with respect to hemodynamic variables, including heart rate, mean systemic arterial pressure, systemic pulse pressure, and left atrial pressure measured just before and 3 min and 1 hr after coronary ligation (table 2). The difference in ERP of right and left ventricles at the time of coronary ligation in the group of eight animals that developed ventricular fibrillation within 17 min of coronary ligation and the group of 16 animals that didn't did not reach statistical significance (table 2) . The animals with spontaneous ventricular fibrillation had longer corrected QT intervals compared with the animals that did not develop ventricular fibrillation (table 2) . There was no significant difference in rate-pressure product or the PR and QRS intervals of the electrocardiogram in the two groups.
Relationship between metabolic, pathologic, and electrophysiologic factors and spontaneous ventricular fibrillation (VF) lasting longer than 1 min were observed in seven animals.
In this group of 23 conscious animals with myocardial infarctions of similar size eight (35%) animals had PCS-induced ventricular fibrillation and four (17%) animals had PCS-induced sustained monomorphic ventricular tachycardia. The cycle length of the sustained monomorphic ventricular tachycardias ranged from 190 to 240 msec and all ventricular tachycardias were terminated by trains of rapid ventricular pacing using cycle lengths shorter than those of the ventricular tachycardias. The mean cumulative K' balance was -3.05 ± 2.63 meq/kg in the group of eight animals that had PCS-induced ventricular fibrillation, and -0.54 ± 2.08 meq/kg in the 15 animals that didn't (p = .03). There was no significant difference either in cumulative K' balance or in plasma K' concentration in the group of animals that did and that didn't have PCS-induced sustained monomorphic ventricular tachycardia.
Independent predictors of ventricular arrhythmias. To confirm further the role of hypokalemia in ventricular fibrillation during acute myocardial infarction, a stepwise logistic regression analysis was performed to identify the independent predictors ofventricular fibrillation in the entire population of 32 animals (range of size of infarction 9% to 31% of left ventricular mass), with 10 of the 32 animals developing spontaneous ventricular fibrillation. This analysis resulted in a model that described the probability of postinfarction spontaneous ventricular fibrillation given the metabolic, electrophysiologic, hemodynamic, and pathologic variables measured in our protocol. The magnitude of cumulative K' balance (p < .01) and size of myocardial infarction (p < .05) were the only independent predictors of spontaneous ventricular fibrillation, whereas plasma K' concentration and plasma total calcium were not independent predictors after cumulative K' deficit was selected into the model. No other variable measured in our protocol was detected as an independent predictor by multivariate analysis.
Another stepwise logistic regression model constructed with data from the 29 survivors who were studied in the conscious state showed that the frequency of isolated or repetitive PVCs and the frequency or the length of spontaneous ventricular tachycardia observed 1 day after myocardial infarction did not correlate with any of the metabolic, electrocardiographic, electrophysiologic, or pathologic variables measured in this model. Plasma K' concentration measured immediately before PCS performed in conscious animals did not correlate with either induced ventricular fibrillation Vol. 77, No. 3, March 1988 or with induced sustained ventricular tachycardia 1 day after myocardial infarction. The magnitude of cumulative K' deficit, however, was an independent predictor of PCS-induced ventricular fibrillation in conscious animals (p = .040), and size of infarction manifested a trend toward positive correlation (p = .067). Among the variables analyzed, size of myocardial infarction was the only independent predictor (p < .01) of PCS-induced sustained monomorphic ventricular tachycardia in conscious animals 1 day after myocardial infarction.
Discussion
The arrhythmogenic effects of hypokalemia, alone or in combination with digitalis glycosides, have been previously investigated in animal preparations,2-14 but data regarding the relationship between myocardial ischemia and K+ deficit are sparse. '5 This study represents the first attempt to precisely quantitate cumulative K+ balance over an extended period of dietary K ' deprivation in order to evaluate the arrhythmogenic effects of graded K+ deficit in acute myocardial infarction. The results from this canine preparation confirm that there is a significant correlation between the magnitude of cumulative K+ deficit and the likelihood of spontaneous ventricular fibrillation during acute myocardial infarction. Like cumulative K+ deficit, myocardial tissue K+ and plasma K+ concentrations are also direct, albeit weaker, correlates of spontaneous ventricular fibrillation during acute myocardial infarction. Furthermore, this relationship between cumulative K' deficit and ventricular fibrillation is independent of size of infarction as well as of other changes in plasma electrolytes, diuretic use, hemodynamic factors, and determinants of myocardial oxygen consumption.
In a previous study by Hohnloser et al.' an acute decrease in serum K+ concentration by hemodialysis lowered the ventricular extrasystole and ventricular fibrillation threshold during myocardial ischemia. Our protocol used a more natural and less abrupt means of dietary deprivation and diuretic use that approximated the usual setting in which clinical K+ depletion occurs. Our study also used spontaneous ventricular fibrillation as the most important, naturally occurring end point during acute myocardial infarction rather than relying on a derived index of "electrical instability," which is not a clearly defined concept. However, 1 day after myocardial infarction, excessively frequent and well tolerated spontaneous ventricular tachycardia made it difficult to use spontaneous ventricular arrhythmias as the only discriminating end point, and ventricular arrhythmias induced by PCS were included in the analysis as well. The reason for the choice of PCS-induced arrhythmias as end point is their previously established reproducibility in this canine preparation.16 Cumulative K' deficit was also a predictor of PCS-induced ventricular fibrillation a day after myocardial infarction.
Infarct size was, as had previously been shown, I)lg a predictor of spontaneous and electrically induced sustained ventricular arrhythmias. However, the significant association between K+ deficit and spontaneous ventricular fibrillation during acute myocardial infarction was independent of size of infarction in our study. First, in animals selected to create a subgroup with infarctions of relatively uniform size, cumulative K' deficit was found to be strongly related to spontaneous ventricular fibrillation in the absence of a significant difference in size of infarction in the group of animals with ventricular fibrillation and the group without ventricular fibrillation. Second, stepwise logistic regression analysis performed on data from the entire population showed that the roles of K' deficit and of myocardial infarction size in development of ventricular fibrillation were independent of each other and other factors analyzed.
Due to rapidly evolving electrophysiologic changes during the early phases of myocardial infarction, different mechanisms may be responsible for early spontaneous ventricular fibrillation and for late electrically induced ventricular fibrillation in this preparation. If so, prior K' deficit appears to affect both mechanisms.
Relatively late occurrence of spontaneous ventricular fibrillation in two dogs with large myocardial infarctions suggests that the mechanism responsible for arrhythmogenesis in these two animals may differ from that operative during early ventricular fibrillation in animals with smaller infarctions, and may be related to deterioration in left ventricular function. Previous reports suggested that more than one mechanism may be associated with ventricular fibrillation early after coronary ligation in other canine preparations. 19 ' 20 We had no objective way to differentiate, on the basis of mechanism, the ventricular fibrillation episodes that were evenly spaced between 4 and 17 min after coronary ligation. After the late episodes of fibrillation were excluded, cumulative K' balance but not size of infarction was still a predictor of spontaneous ventricular fibrillation. Cumulative K+ deficit and myocardial tissue K+ are impractical or impossible to measure clinically. Therefore, serum K' concentration is the variable measured to assess clinical K + depletion. [1] [2] [3] [4] In our model plasma K' concentration did not have as strong a predictive role as cumulative K' deficit regarding ventricular fibrillation. Plasma K+ concentration was also acutely influenced by thoracotomy and coronary ligation, not only in eukalemic dogs, but in hypokalemia groups as well, and the magnitude of the decrease was not significantly different in the groups. Although plasma catecholamine levels were not measured in our study, previously reported redistribution of K' from extracellular to intracellular sites due to enhanced sympathoadrenal activity21 22 could have been a major factor responsible for the abrupt changes in plasma K'. In our study the subsequent rise, after the initial decrease, in plasma K' concentration during the first postinfarction day, when animals had no K' intake, is compatible with such an explanation invoking electrolyte redistribution.
The limitations of this study include the use of general anesthesia and thoracotomy. Both of these affect the level of sympathetic nervous activity, and therefore may influence K' shifts. Such changes in sympathetic tone may influence the interpretation of our results and limit their wide applicability. They are also difficult to measure and express quantitatively in every animal. However, none of our observations suggested the presence of a particularly high degree of elevated sympathetic neural activity in the animals who developed ventricular fibrillation. In fact, there was no significant difference in many variables, including sinus rate, mean systemic arterial pressure, pulse pressure, PR interval, and ERPs, which are usually influenced by the background sympathetic tone, in the group of animals that developed ventricular fibrillation and the group of animals that didn't. Furthermore, the decrease in plasma K' concentration after general anesthesia and surgery, which may also be influenced by changes in sympathetic tone, was comparable in these two groups.
The effect of diuretic therapy on cardiac arrhythmias may be more complex than the effect of K' depletion alone since diuretic drugs influence other electrolytes and acid-base composition as well as K' hemostasis. For example, diuretic-induced magnesium deficiency may result in a greater loss of cell K' than occurs in simple K' deficiency,23 and changes in magnesium and calcium concentrations may be arrhythmogenic by themselves. In this study, neither plasma calcium nor plasma magnesium concentration was an independent predictor of postinfarction ventricular fibrillation, although with calcium, there was a trend by univariate analysis (table 2) toward a positive correlation. Neither was diuretic use per se identified as a risk factor for ventricular arrhythmias, independent of K' deficit, in this model. However, with a study design using longer exposure to diuretic drugs, and using many more animals, more subtle roles played by metabolic factors other than K' deficit in arrhythmogenesis may become apparent. Therefore, the results of our study should not be generalized to longer term diuretic therapy.
Finally, this was a study performed in situ, in intact hearts. Without intracellular recordings and a direct knowledge of the intracellular and extracellular K' concentrations in specific regions, explanations involving ionic mechanisms and action potential characteristics are not possible. Similarly, investigation of the specific effects of hypokalemia on dispersion of local tissue refractoriness and conduction, and the effect of the latter on ventricular arrhythmogenesis, cannot be assessed without data collected from multiple electrodes necessary for isochronous and isorefractory maps. Such excessive instrumentation was avoided in our study to minimize the risk of spurious ventricular ectopic activity, enabling us to consider early ventricular fibrillation during evolving myocardial infarction as truly primary ventricular fibrillation in the preparation being studied. Therefore, the electrophysiologic mechanisms underlying the increased susceptibility to postinfarction ventricular fibrillation in animals with large cumulative K' deficits could not be rigorously investigated in this preparation.
In conclusion, the results from this canine preparation identified the magnitude of cumulative K' deficit as an independent predictor of spontaneous ventricular fibrillation in acute myocardial infarction. The magnitude of cumulative K' deficit was also a positive correlate of the PCS-induced ventricular fibrillation, but not of PCS-induced sustained monomorphic ventricular tachycardia 1 day after myocardial infarction in conscious animals. The ionic and electrophysiologic mechanisms relating prior K' deficit to ventricular fibrillation during acute myocardial infarction remain to be defined.
